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DESCRIPTION 

ENHANCED MULTI-PATH FOR MIMO DEVICES 

The present invention relates to wireless networks, and in particular 
to methods and apparatus for enhancing the efficiency of communication 
between a transmitter and a receiver on a wireless network. 

the use of wireless networks in the office and the home for 
communication between multiple devices has recently proliferated. Such 
networks are typically characterised by the existence of multiple possible 
communication paths or channels between devices, in which each path 
may be susceptible to variable propagation efficiency, particularly as 
devices move around within the network, or as obstacles to transmission 
move around between antennae of the various devices or as RF energy 
scattering objects move around within the network area. 

In a typical transmission network, a transmitter transmits data 
packets to a. receiver device which acknowledges correct receipt of the 
packet with an acknowledge (ACK) signal. If the data received by the 
receiver contain errors or only part of the transmission is received, the 
receiver responds with a no-acknowledge (NACK) signal. There are 
various protocols for handling situations where the receiver receives no 
part of the packet at all. For example, in the event the transmitter receives 
no type of acknowledgement within a predetermined period of time, it 
assumes total failure of transmission and retries transmission at a later 
time. 

The availability of multiple transmission paths in a network has 
previously been exploited to increase the reliability of transmission of data 
packets between devices. The multiple transmission paths in a. multiple- 
input-multiple-output (MIMO) device environment can be provided by way 
of plural antennae on each device, and/or by several different transceiver 
nodes and transmission pathways between the transmitter and receiver. 
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US 2003/0012318 describes a system in which data to be 
transmitted from a transmitter to a receiver is divided into blocks, each of 
which is transmitted on a separate antenna. The receiver checks whether 
all blocks have been received and then issues an acknowledgement. If 
the transmission fails, the blocks are retransmitted using different spatial 
and temporal diversity for combination with the previously received blocks 
to obtain a better signal to noise ratio. 

Similarly, EP 1294120 A1 describes a multiple-input-multiple-output 
device transmission system in which a transmitter transmits data to a 
receiver Using plural antennae according to first predetermined 
transmission conditions defining the encoding, interleaving, modulation 
and sub-stream splitting transformations to be applied. The receiver 
returns either an acknowledge (ACK) or a no-acknowledge (NACK) signal. 
In the event of a NACK signal being returned, the transmitter retransmits 
the data according to second predetermined transmission conditions-, the 
choice of second transmission conditions being so as to attempt to reduce 
the transmission error probability. 

Both of these techniques generally attempt to alleviate transmission 
problems by varying the way in which the data is distributed across the 
same multiple paths between the transmitter and receiver in the event that 
a transmission failure occurs. 

Another problem in communication between transmitter and 
receiver is the data transmission overhead that is implied by the repeated 
use of ACK and NACK requests (the signalling overhead), and the need 
for retransmission of data (the retransmission overhead). 

One approach to alleviating this problem is described in US 
2003/0067890. In this system, a transceiver receives standard protocol 
data units for transmission to receiver units within the wireless network. 
The transceiver divides the standard protocol data units into smaller sub- 
protocol units that are more suited to transmission over the wireless 
network, and provides the receiver with a map of the sub-protocol units to 
be expected. The sub-protocol units may be transmitted to the receiver on 
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different frequency channels and time slots. The transmitter includes an 
acknowledge request indicator in the transmission to the receiver with only 
a subset of the sub-protocol units, so that the receiver need only 
acknowledge groups of the sub-protocol units. Using the map, the 
receiver can acknowledge which of the sub-protocol units of a group have 
been received, and the transceiver need only retransmit those particular 
sub-protocol units that were not received by the ^receiver. Thus, an 
acknowledge request need not be provided for every transmitted sub- 
protocol unit and the amount of data to be retransmitted is reduced. 

A problem that exists with all of these prior art methods is that it 
remains incumbent upon the originating transmitter to monitor 
acknowledge messages and to repeat data transmission to some extent in 
the event of a transmission failure. A further problem exists in that 
although the distribution of the data for retransmission across the various 
paths of the network may be altered after failure, the actual path 
configuration used to transmit that data remains effectively the same. 

It is an object of at least one aspect of the present invention to 
provide a method and apparatus for improving the results obtained during 
retransmission of data after a transmission failure. 

It is an object of at least one aspect of the present invention to 
reduce the burden on the transmitting device in respect of supervising the 
acknowledgement messages and data retransmission. Accordingly, it is 
an object of at least one aspect of the invention to reduce the signalling 
overhead and the retransmission overhead on the transmitting device. 

The invention is particularly relevant and useful (though not 
exclusively so) where a transmitting device may be a portable, low power 
device with limited battery capacity which uses a network including 
repeater devices which are not power constrained. 

For example, the network may comprise a plurality of devices that 
are mains powered (eg. wireless LAN repeater stations, desktop personal 
computers, printers, scanners, fax machines etc) and a plurality of portable 
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devices that are not mains powered (eg. notebook computers, mobile 
telephones, PDAs etc). 

According to one aspect, the present invention provides a method 
of transmitting data between a transmitter and a receiver, comprising the 
steps of: 

transmitting, by the transmitter, a data packet onto multiple paths of 
a network between the transmitter and the receiver, at least one of the 
paths including at least one repeater transceiver node; 

issuing a NACK signal over the network, by the receiver, in the 
event that the data packet is not properly received; and 

retransmitting the data packet onto the network by at least one of 
the repeater nodes upon receipt of the NACK signal. 

According to another aspect, the present invention provides a 
repeater node for forwarding data packets, received from a transmitter 
node, to a receiver node that is the end destination of the packet, in a 

network, comprising: 

a receive module for receiving data packets originating from 1he 

transmitter; 

a transmit module for forwarding the data packet to another node in 
the network; 

a pending packet buffer for storing forwarded data packets; and 
retransmission means for retransmitting over the network previously 
forwarded data packets for which NACK signals are received. 

For the avoidance of doubt, the expression 'transmitter' is used to 
define the originator of a data packet transmitted onto the network, and the 
expression 'receiver' is used to define the intended addressee or ultimate 
destination of the data packet. These terms are distinct from 'intermediate 
repeater nodes', or 'transceivers' which terms describe devices that merely 
serve to forward data packets through the network. However, it will be 
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understood that, in general, a node that is capable of acting as a 
transmitter and/or a receiver for originating and/or terminating a data 
packet may also act as a repeater node for other (different) data packets 
that originate from and terminate at other nodes. 

It is also noted that the expression 'retransmitting' is used to define 
the action of retransmitting a data packet for which a NACK signal has 
been issued, ie. the action of originating a retransmission of the packet. 
This is distinct from merely forwarding an existing data packet (including a 
retransmitted data packet) which is already in transit. 

Figure 1 shows a schematic diagram of a wireless network 
comprising a transmitter, a receiver and . at least two transceiver nodes, 
illustrating transmission paths for a data packet from the transmitter to the 
receiver; 

Figure 2 shows a schematic diagram of the wireless network of 
figure 1 illustrating transmission paths for return of a NACK signal from the 
receiver to the transmitter; 

Figure 3 shows a schematic diagram of the wireless network of 
figure 1 illustrating paths for retransmission of the data packet by the 
transceiver nodes and, optionally by the transmitter; and 

Figure 4 shows a schematic diagram of a repeater suitable for 
implementing the present invention. 

With reference to figure 1 , a network 5 includes a number of nodes. 
A first node is a transmitter 10 which is provided with two transmit 
antennae 11, 12. These may be omnidirectional or directional, and may 
point in different directions or overlapping directions in accordance with 
conventional device design. A second node is a receiver 20 which is also 
provided with two receive antennae 21, 22 in similar fashion. Also 
provided within the network 5 is a first repeater transceiver device 30 with 
transmit and receive antennae 31, 32. A second repeater transceiver 
d.evice 40 has transmit and receive antennae 41 , 42: : ' 
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Although not shown for simplicity of illustration, it will be understood 
that the transmitter 10 could also act as a receiver or a repeater 
transceiver; receiver 20 could also act as a transmitter or a repeater 
transceiver; and repeater transceivers 30, 40 could also act as transmitters 
and receivers in their own right. . Furthermore, any of the antennae could, 
be multiplexed to act as both transmit and receive antennae according to 
known practices. 

Preferably, each of the nodes 10, 20, 30, 40 in the network 5 has 
one or more transmission paths between itself and adjacent or nearby 
nodes. For example, as shown in figure 1, the transmitter node 10 is 
configured for first and second direct transmission paths 13, 14 from 
antennae 11, 12 respectively, to antenna 31 of repeater 30. Similarly, 
transmitter node 10 is configured for third and fourth direct transmission 
paths 15, 16 from antennae 11, 12 respectively to antenna 41 of repeater 
40. Each of these repeater transceivers 30, 40 is respectively configured 
for a direct transmission path 33, 43 from antennae 32, 42 to the receiver 
20. Data packets from transmitter 10 can thereby be forwarded to receiver 
20. 

In the illustration, transmitter 10 is also configured such that at least 
one direct transmission path 17 exists between itself and the receiver 20, 
eg. between antenna 12 and antenna 21, and an indirect transmission 
path 18 exists between itself and the receiver 20. The indirect path is 
formed by reflection, refraction or scattering of the signal off some object 
50. 

In the event of transmission of a data packet originating from the 
transmitter 10, the data packet reaches the receiver by at least one of the 
various paths illustrated, both direct and indirect, and also by way of 
repeater transceivers 30, 40. 

In the event that the receiver 20 receives the data packet in full, ie. 
the data is complete and uncorrupted, the receiver issues an ACK signal 
which is returned to the transmitter and/or repeater transceivers over 
similar paths as those described in connection with figure 1. Referring 
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now to figure 2, in the event that the data does not arrive at the receiver 20 
complete and uncorrupted, the receiver returns a NACK signal. The 
NACK signal is transmitted over various possible paths 23 -26 as shown. 
For example, path 23 may be directed to antenna 32 of transceiver 
repeater 30; path 25 may be directed to antenna 11 of transmitter 10; path 
24 may be directed at antenna 41 of repeater 40 and path 26 may be 
directed at antenna 42 of repeater 40. 

In the prior art techniques, the transmitter 10 will await receipt of 
either the ACK or the NACK signal, either over a direct path, an indirect 
path, or via a repeater, before determining What further action to take. In 
the event that an ACK signal is received, the transmitter 10 knows that it . 
can purge the data packet from its pending queue and, if necessary, report 
successful completion to a host device (not shown). In the event that a 
NACK signal is received, in prior art techniques the transmitter 10 knows 
that it must retransmit the data packet. 

If the transmitter simply retransmits the data packet, there is a 
strong likelihood that whatever phenomena obstructed the first 
transmission of the data packet on the several available paths may still 
prevail, and the retransmitted data packet will then also result in a returned 
NACK signal. Even if, as proposed in some of the prior art, the transmitter 
adjusts the power of .one or more of the antennae, or adjusts the data 
distribution of the data packet across the various paths (in the event that 
data packet splitting techniques for spatial and temporal diversity are 
employed), there is still a prospect that the same interference conditions 
will still prevail and again result in a returned NACK signal. 

The present invention proposes that the receiver nodes 30, 40 can 
also or instead be used to initiate (ie. originate) retransmission of the data 
packet upon receiving a NACK signal. Thus, the NACK signal issued by 
the receiver 20 on path 23 will be received by the repeater 30 and the 
NACK signal issued by receiver on path 26 will be received by the repeater 
40. 
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One or both repeaters 30, 40 may be programmed to become 
active retransmitters in the event of a received NACK signal in respect of a 
data packet for which they previously accepted forwarding responsibility. 
(They may also act in their conventional roles as forwarding or repeater 
nodes to return the NACK signal to the transmitter 10.) 

With reference to figure 3, it will be seen that in this instance, for the 
purposes of retransmission. . of the data packet, the pathways to the 
receiver 20 are increased, because all antennae and or transmission 
pathways from the repeater nodes, direct and indirect, can be used to 
retransmit the data packet. 

The repeaters 30, 40 may also forward the NACK signal on to the 
transmitter 10 that originated the data packet, in which case this too may 
respond with a retransmission of the data packet, thus further increasing 
the probability that the retransmitted data packet will reach the destination 
receiver. 

It will be understood from the foregoing that the transmitter does not 
need to partake in the retransmission of the data packet if that 
responsibility is devolved to one or more repeaters. In this case, the 
transmitter need not even listen for NACK signals in respect of data 
packets that it has sent. This is a particularly useful feature for low power 
devices or generally devices with a restricted power source, such as 
battery powered devices. 

Figure 4 shows a preferred embodiment of repeater transceiver 
node 30. The repeater node 30 includes antennae 31 , 32, each with its 
own transmit / receive driver circuit 61 , 62. Preferably each repeater 30 in 
the network is adapted to receive data packets from at least one circuit 61, 
62 an to place it into a FIFO packet queue 60 from which the data packets 
are forwarded under the control of control circuit 65. 

Upon forwarding data packets, they are also transferred into a 
pending buffer 63 where they wait pending a responsive ACK or a NACK 
signal. Then, if a NACK signal is received in respect of a previously 
forwarded data packet, the repeater node 30 acts as an originating 
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transmitter to retransmit the data packet stored in the pending buffer 63 to 
the receiver 20. Conversely, in the event that an ACK signal is received, 
the repeater clears the respective data packet from the pending buffer 63. 

Each data packet in the pending buffer 63 preferably includes a 
time stamp which is used to trigger a retransmission after a predetermined 
retransmission delay in the event that neither ACK nor NACK signals are 
received. • 

It will be understood that a NACK signal issued by the receiver 20 
may be responded to by a number of repeaters 30, 40 and also possibly 
by the transmitter 1 0. This increases the probability that at least one copy 
of the retransmitted data packet will arrive at the receiver. 

' A number of possible protocols may be deployed for ensuring, 
appropriate data packet management. Each transmitted data packet is 
preferably uniquely identified so that each node cgn determine whether it 
is a data packet for which it has retransmission responsibility and to relate 
it to respective ACK / NACK signals. Depending upon network and data 
transport requirements, repeaters that fail to receive either , an ACK or a 
NACK signal after a predetermined time may be programmed to either 
discard the data packet, or to retransmit the data packet. 

Originating transmitters may be programmed to either require an 
ACK signal or not. In the* event that the data transport protocols require 
that the transmitter get acknowledgement of correct receipt of data packets 
by the receiver, this can be done in a number of ways. For example, 
repeaters 30, 40 may be programmed to forward only ACK signals (but not 
NACK signals) to the transmitter, thus ensuring that all retransmission 
overhead falls on the repeaters. 

This latter feature may be sufficient where the communication 
between transmitter and at least one repeater is highly reliable. However, 
where the transfer of data packet from transmitter to repeater is not 
guaranteed, the transmitter may be. programmed with a retransmittal delay 
(the interval between the first transmittal of a packet and an attempted 
retransmittal in the event of no ACK or NACK signal being received) which 
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is substantially greater than the retransmittal delay of the repeaters. In this 
arrangement, the repeaters 30, 40 will make several attempts to complete 
successful data packet transfer before the transmitter 10 does so. This 
clearly has beneficial implications for the power demand of the transmitter - 
1 0 compared.with the repeaters. 

In another arrangement, particularly useful where the transmitter is 
a power constrained device, the transmitter could be arranged not to listen 
for ACK or NACK signals at all. Repeater nodes may be programmed to 
temporarily store plural ACK signals from a series of data packets and 
transfer them in a burst to the transmitter at predetermined intervals or on 
demand by the transmitter. 

Numerous alternative arrangements of repeater may be envisaged. 
For example, the packet queue 60 is not strictly necessary if real time 
forwarding is deployed. The packet queue 60 and the pending buffer 63 
could be combined simply by flagging the status of respective entries. 

Other embodiments are intentionally within the scope of the 
appended claims. 
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CLAIMS 

1. A method of transmitting data between a transmitter (10) and a 
receiver (20), comprising the steps of: 

transmitting, by the transmitter, a data packet onto multiple paths 
(13 - 18) of a network (5) between the transmitter and the receiver, at 
least one of the paths including at least one repeater transceiver node (30, 
40); 

issuing a NACK signal over the network, by the receiver (20), in the 
event that the data packet is not properly received; and 

retransmitting the data packet onto the network by at least one of 
the repeater nodes (30, 40) upon receipt of the NACK signal. 

2. The method of claim 1 in which the retransmitting step is effected by 
all repeater nodes that forwarded the data packet and that receive the 
NACK signal. 

3. The method of claim 1 in which the retransmitting step is effected by 
at least one of the repeater nodes (30, 40) and the transmitter (10). 

4. The method of claim 1 in which the transmitter (10) does not 
retransmit the original data packet in the event of the issuing of a NACK 
signal by the receiver. 

5. The method of claim 4 in which the transmitter (10) does not listen 
for NACK signals relating to its own transmitted data packets. 

6. The method of claim 1 in which the step of retransmitting the data 
packets onto the network (5) by the at least one repeater node (30, 40) 
includes the step of using multiple paths available from the repeater node 
to the receiver. 
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7. The method of claim 1 further including the step of the receiver (20) 
issuing an ACK signal in the event that the data packet is correctly 
received, the at least one repeater node (30, 40) forwarding the ACK 
signal to the transmitter (10). 

8. The method of claim 1 further including the step of retransmitting 
the data packet, by the repeater node (30, 40), after a first predetermined 
retransmittal interval if no ACK or NACK signal is received in respect of a 
forwarded data packet. 

9. The method of claim 8 further including the transmitter (10) 
retransmitting the data packet step after a second predetermined 
retransmittal interval if no ACK signal is received, the second 
predetermined retransmittal interval being greater than the first 
predetermined retransmittal interval. 

10. A repeater node (30, 40) for forwarding data packets, received from 
a transmitter node (10), to a receiver node (20) that is the end destination 
of the packet, in a network (5), comprising: 

a receive module (61) for receiving data packets originating from 
the transmitter; 

a transmit module (62) for forwarding the data packet to another 

node in the network; 

a pending packet buffer for storing forwarded data packets; and 
retransmission means for retransmitting over the network previously 

forwarded data packets for which NACK signals are received. 

11. The repeater node of claim 10 further including purge means for 
removing a stored data packet from the pending packet buffer when an 
ACK signal received in respect of that data packet. 
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12. The repeater node of claim 10 in which the retransmission means 
includes means for retransmitting the data packet over all available paths. 

13. The repeater node of claim 10 adapted to forward ACK signals to 
the transmitter but not to forward NACK signals to the transmitter. 

14. The repeater node of claim 10 in which the retransmission means 
further includes , megns for retransmitting the data packet after , a first 
predetermined retransmittal interval when no corresponding ACK or NACK 
signal is received. 

15. A network of communicating nodes including a transmitter (10), a 
receiver (20) and at least one repeater (30, 40) for forwarding data 
packets, received from a transmitter node (10), to, the receiver node (20) 
that is the end destination of the packet, comprising: 

a receive module (61) in the repeater node for receiving data 
packets originating from the transmitter; 

a transmit module (62) in the repeater node for forwarding the data 
packet to another node in the network; 

a pending packet buffer (63) . in the repeater node for storing 
forwarded data packets; and 

retransmission means in the repeater node (30r 40) for 
retransmitting, over the network (5), previously forwarded data packets for 
which NACK signals are received. 

16. The network of claim 15 in which the retransmission means, in the 
repeater node (30, 40), further includes means for retransmitting the data 
packet after a first predetermined retransmittal interval when no 
corresponding ACK or NACK signal is received. 

17. The network of claim 16 further including second retransmission 
means,- In. the transmitter (10), for retransmitting the data packet after a 
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second predetermined retransmittal interval longer than the first 
retransmittal interval, when no corresponding ACK or NACK signal is 
received. 

18. Apparatus substantially as described herein with reference to the 
accompanying drawings. 

19. A method substantially as described herein with reference to the 
accompanying drawings. 
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ABSTRACT 

ENHANCED MULTI-PATH FOR MIMO DEVICES 

A protocol for forwarding data packets over a network. An 
originating transmitter sends a data packet over the network to a 
destination receiver. The packet is forwarded by one or more repeaters 
within the network. The repeaters assume responsibility for originating re- 
transmissions of the packet if the packet is not correctly received by the 
destination receiver (eg. if a NACK signal is returned from the receiver or if 
no type of acknowledgement signal is returned from the receiver). Re- 
transmission of the packet by multiple repeaters effectively modifies the 
data paths by which the data packet travels to the receiver increasing 
probability that the packet gets through to the receiver. The transmitter 
may be configured not to respond to any NACK signals for packets it has 
sent, thereby transferring retransmission overhead and signalling 
overhead to- the repeaters. This is of particular utility in networks where 
the originating transmitter is a battery-powered device and the repeaters 
are not power limited. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
& FADED TEXT OR DRAWING 



IJa BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





